

























	 Pollution	of	 the	aquatic	environment	by	human	and	veterinary	waste	pharmaceuticals	 is	anincreasing	area	of	concern	but	little	is	known	about	their	ecotoxicological	effects	on	wildlife.
In	 this	 study,	 three	 pharmaceuticals	 were	 selected	 (ibuprofen,	 amoxicillin	 and	 caffeine)	 as
examples	 that	 are	 released	 in	 the	environment.	All	 of	 them	are	marketed	 in	 the	Palestinian
market	 (Pharmacies),	 private	 clinics	 and	 hospitals.	 The	 adsorption	 of	 the	 selected
pharmaceuticals	 was	 examined	 by	 batch	 sorption	 experiments	 onto	 agriculture	 soil.
Pharmaceuticals	 adsorption	 kinetics	 followed	 the	 pseudo‐second‐order	 adsorption	 model.
Adsorption	isotherms	were	best	fitted	by	the	Freundlich	isotherm	model.	The	“n”	parameters
were	higher	than	1	and	the	Kf	values	for	all	of	them	were	 less	 than	1.	High	removal	rates	of
amoxicillin	and	 ibuprofen	were	achieved	 in	acidic	media	(pH	=	1‐4)	and	reached	more	 than
88%	 Except	 for	 the	 caffeine	 increased	 at	 higher	 pH	 and	 reached	 more	 than	 92%.	 The











In	 the	 recent	 years,	 the	 occurrence	 and	 the	 fate	 of	
pharmaceutically	active	compounds	in	the	aquatic	environment	
has	 been	 recognized	 as	 one	 of	 the	 emerging	 environmental	
issues	 that	 have	 possibly	 been	 affecting	 the	 ecological	 system	
[1,2].	 Pharmaceutical	 compounds	 may	 be	 described	 as	 any	
chemical	 used	 for	 diagnosis,	 treatment,	 alteration	 or	
prevention	 of	 diseases	 [3].	 Taking	 into	 account	 the	 use	 of	
thousands	of	pharmaceuticals	types	in	human	treatment	and	in	
agricultural	 sector	 (livestock),	 it’s	 not	 limited	 the	 size	 on	 the	
negative	 effects	 that	 these	 compounds	 will	 leave	 on	 the	
environment,	as	well	as	high	cost	to	eliminate	or	mitigate	these	
effects.	 It	 was	 discovered;	 more	 than	 100,000	 types	 of	
chemicals	 are	 used	 in	 our	 everyday	 life	 either	 in	 households,	




livestock	 are	 excreted	 in	 slightly	 transformed	 or	 even	
unchanged	form,	resulting	from	the	body	fluids	(urine),	or	from	
disposing	of	 the	expired	drugs,	 causing	serious	damage	 to	 the	
ecosystem,	 which	 is	 still	 in	 the	 beginning	 of	 the	 study	 in	
Palestine,	 that’s	 because	 our	 conventional	 wastewater	
treatment	is	the	primary	mechanism	by	which	pharmaceuticals	
introduced	[5,6].	
According	 to	 recent	 research,	 variety	 of	 these	 compounds	
were	 detected	 in	 various	 water	 samples	 including	 hospitals	
wastewater,	pharmaceutical	industries,	waste	water	treatment	
plant	 effluent,	 surface	 and	 ground	water,	 this	 illustrated	 by	 a	
study	 entitled,	 (occurrence	 of	 pharmaceuticals	 and	 personal	
care	products	along	the	West	Prong	 little	Pigeon	River	 in	east	
Tennessee)	 [7],	 which	 pointed	 out	 the	 presence	 of	 concent‐
rations	of	some	drugs	 in	ground	water	and	soil.	 In	addition	to	
the	 quantities	 of	 expired	medicines	 which	 are	 disposed	 of	 in	
unsafe	ways,	it’s	common	to	pour	them	down	in	the	sink,	flush	
them	down	in	the	toilet,	or	throwing	them	in	the	trash,	without	
attention	 to	 their	 risks	 through	 landfills	 leachates	 that	 may	
eventually	reach	to	ground	water.	
Despite	 of	 the	 need	 for	 the	 drugs	 used	 for	 treatment	 of	
many	diseases,	it	was	found	that	they	leave	an	adverse	effect	on	
non‐target	 site,	 such	 as	 water,	 soil,	 air,	 health	 and	 others.	
Therefore,	they	should	be	used	and	dealt	in	a	scientific	way	to	
reduce	 as	 much	 as	 possible	 of	 their	 negative	 effects,	 by	
preventing	drugs	using	randomly	from	general	public,	reducing	
distribution	of	physician	 free	 samples,	 separation	of	 domestic	
waste,	 sewage	 recycling,	 improvement	 sewage	 infrastructure,	
public	 awareness,	 nutrition	 and	 health	 maintenance,	 drugs	
alternatives	and	research	development.		
Locally	 amoxicillin,	 ibuprofen,	 and	 caffeine	 are	 used	 in	




This	 research	 aims	 to	 study	 the	 kinetics	 and	
thermodynamics	 adsorption	 of	 the	 target	 pharmaceuticals	
(amoxicillin,	 ibuprofen	 and	 caffeine)	 using	 agricultural	 soil.	
From	 the	 study	 of	 adsorption,	 this	 will	 lead	 to	 available	
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e  	 	 	 	 	 (2)	
	
where	 Ce	 is	 the	 equilibrium	 concentration	 of	 the	 adsorbate	






It	 describes	 equilibrium	 on	 heterogeneous	 surfaces	 and	







 	 	 	 (3)	
	
where	 Ce	 is	 the	 equilibrium	 concentration	 of	 the	 adsorbate	
(mg/L),	 qe	 is	 the	 amount	 of	 adsorbate	 per	 unit	 mass	 of	
adsorbent	 (mg/g),	 Kf	 and	 n	 are	 Freundlich	 constants	 with	 n	
giving	an	indication	of	how	favorable	the	adsorption	process	is.	
Kf	 ((mg/g)	 (L/mg)	1/n)	 is	 related	with	adsorption	capacity	of	
the	 adsorbent.	 The	 slope	 (1/n)	 ranging	 between	 0	 and	 1	 is	 a	
measure	 of	 surface	 heterogeneity,	 becoming	 more	 hetero‐
geneous	 as	 its	 value	 gets	 closer	 to	 zero	 [10].	 A	 value	 for	 (n)	






models.	 In	 this	 study	 both	 the	 order	 of	 the	 rate	 and	 the	 rate	
constants	 can	 be	 determined	 from	 those	 models.	 Those	
constants	 are	 significant	 for	 designing	 an	 effective	process.	 In	
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where	 k1	 is	 the	 rate	 constant,	 qe	 is	 the	 drug	 equilibrium	
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 		 	 	 	 (6)	
	
in	 which,	 k2	 is	 the	 equilibrium	 rate	 constant	 (g/mg.min)	 of	
pseudo‐second‐order	 chemical	 sorptin;	 qe	 is	 the	 amount	 of	
adsorption	 sorbed	 at	 equilibrium	 (mg/g);	 qt	 is	 the	 amount	 of	
adsorbate	sorbed	at	t	(min).	The	straight	line	plots	of	(t/qt)	vs	t	
have	been	tested	to	obtain	rate	parameters	[12].	
Adsorption	 kinetics	 is	 usually	 controlled	 by	 different	





qt	=	kit0.5	+	A	 	 	 	 	 (7)	
	









soil	 texture,	 moisture,	 pH	 value,	 and	 specific	 gravity.	 Table	 1	







Experiments	were	 conducted	 for	 various	 time	 intervals	 to	
determine	 duration	 required	 to	 reach	 adsorption	 equilibrium	
(Figure	2).	 Adsorption	 increased	with	 increasing	 contact	 time	
for	 all	 pharmaceutical	 solutions,	 due	 to	 a	 large	 number	 of	
vacant	 surface	 sites	 are	 available	 for	 adsorption	during	 initial	





two	 transport	processes.	During	 first	 stage,	 during	 first	 stage,	
the	drugs	were	rapidly	adsorbed	for	the	first	two	hours.	In	the	
second	 stage,	 slower	migration	of	 the	drugs	 to	 less	 accessible	
sites.	 Slow	 uptake	 of	 adsorbates	 and	 establishment	 of	
equilibrium	 over	 a	 long	 period	 indicates	 strong	 chemical	
binding	 of	 adsorbates	 with	 adsorbent	 [15,16].	 The	 study	
showed	that	the	concentrations	of	ibuprofen,	amoxicillin	in	the	
supernatant	are	decreased	with	 increasing	 in	 their	adsorption	
on	 soil	 for	 the	 first	 hour,	 then	 started	 to	 decrease	 in	 their	











An	 increase	 in	 adsorbent	 dosage	 increased	 percentage	
removal	 of	 pharmaceuticals.	 In	 this	 study	 various	 weights	 of	



















an	 important	 role	 in	 adsorption	 kinetics	 of	 contaminants	 at	





conc.	 =	 50	 mg/L,	 temperature	 =	 25	 oC,	 contact	 time	 =	 120	 min	 and	
solid/liquid	ratio	=	1.0	g/50	mL).	
	





7.0.	 This	may	be	 due	 to	 two	 facts,	 the	 first	 is	 the	presence	 of	
large	quantities	of	OH−	ions	on	the	catalysis	surface	as	well	as	in	




The	 study	 showed	 that	 the	 soil	 adsorption	 efficiency	 of	
ibuprofen	was	more	efficient	under	acidic	 at	pH	 (1.5	and	4.0)	
and	neutral	 condition	 than	 that	 in	alkaline	media	as	shown	 in	
Figure	 3.	 This	 due	 to	 that	 it	 consists	 of	 hydrophilic	 and	
hydrophobic	 feature,	 and	 has	 dipolar	 nature	 of	 its	 functional	
group,	 with	 pKa	 value	 of	 4.91,	 so	 the	 carboxyl	 group	 of	
ibuprofen	 should	 be	 at	 least	 partly	 protonated	 leading	 to	 a	
sorption	onto	soil	particles.	While	 the	maximum	hydrolysis	of	
ibuprofen	 was	 observed	 in	 the	 pH	 range	 of	 7‐12,	 due	 to	 the	
presence	 carboxylic	 group	 in	 its	 structure,	 this	 has	 been	
demonstrated	in	several	studies	[16‐19].		










The	 effect	 of	 temperature	 on	 the	 adsorption	 of	
pharmaceuticals	 was	 studied	 in	 the	 range	 of	 15‐45	 oC	 and	









To	 clarify	 the	 extent	 of	 the	 impact	 of	 temperature	 on	 the	
adsorption	of	drugs	on	the	soil,	the	degradation	of	the	selected	
pharmaceuticals	 was	 also	 influenced	 by	 microbial	 activities,	
oxygen	 status	 in	 the	 soil,	 soil	 type	 and	 compound	






In	 this	 study	 both	 Langmuir	 and	 Freundlich	 isotherm	























To	 apply	 the	 Freundlich	 Equation	 on	 our	 work	 various	
concentrations	of	pharmaceuticals	ranging	between	5‐50	mg/L	
were	adsorbed	at	constant	weights	of	1.0	g	of	soil	after	2	hrs	of	
adsorption.	 The	 isotherm	 equilibrium	 results	 are	 shown	 in	
Table	2.		
	










Amoxicillin	 20.88	 0.34	 0.972	 0.107	 1.26 0.997
Ibuprofen	 20.44	 0.70	 0.991	 0.080	 1.15 0.996
Caffaeine	 14.10	 0.38	 0.977	 0.120	 4.49 0.963
	
Both	 the	 Freundlich	 and	 Langmuir	 adsorption	 isotherms	
showed	linear	relationship	results	as	shown	in	Figure	6	and	7.	
For	the	Freundlich	and	Langmuir	adsorption	isotherms,	the	R2	
for	 the	 Freundlich	 adsorption	 isotherms	 is	 closer	 to	 1	 more	
than	 that	 in	 Langmuir	 adsorption	 isotherms.	The	n	 values	 for	
all	 the	 drugs	 were	 larger	 than	 1	 and	 this	 implies	 stronger	
interaction	 between	 the	 adsorbate	 and	 the	 adsorbent.	 The	 k	
values	for	all	 the	drugs	were	 lower	than	1	which	 indicate	that	
the	 adsorption	 capacities	 were	 low,	 and	 it	 leaves	 the	 soil	
quickly	 due	 to	 the	 small	 surface	 area	 of	 soil	 [18,21,22].	
Generally,	 higher	 Kf	 values	 were	 associated	 with	 soil	 with	















In	 order	 to	 investigate	 the	mechanism	of	 pharmaceuticals	
adsorption	 process	 on	 soil,	 the	 pseudo‐first‐order	 kinetic	
model,	 the	pseudo‐second‐	order	 kinetic	model	and	 the	 intra‐
particle	diffusion	model	were	all	used	to	test	the	experimental	
data.	 The	 results	 are	 shown	 in	 Figure	 8‐10.	 The	 correlation	
coefficients	 and	 other	 parameters	 calculated	 for	 the	 pseudo‐


















Figure	 10.	 Kinetics	 of	 pharmaceuticals	 removal	 according	 to	 the	 intra‐




For	 the	 intra‐particle‐diffusion	 the	 straight	 lines	 did	 not	
pass	through	the	origin,	this	indicates	that	the	rate	is	limited	by	
mass	transfer	across	the	boundary	layer	and	the	mechanism	of	
removal	 of	 those	 pharmaceuticals	 is	 complex	 and	 both	 the	
surface	adsorption	and	 intra‐particle	diffusion	may	contribute	


















Amoxicillin 0.0303 19054 0.974	 0.0175	 1.09 0.976
Ibuprofen 0.0221 141 0.986	 0.0128	 1.21 0.969




Adsorbent	 Kp	(mg/g	min1/2)	 A	 R2	
Amoxicillin 0.051 0.027	 0.990
Ibuprofen 0.048 ‐0.093	 0.976














  	 	 	 	 (8)	
	
where	R	(8.314	J/mol.K)	is	the	universal	gas	constant,	T	(K)	is	
the	 absolute	 solution	 temperature	 and	 Kd	 is	 the	 distribution	
coefficient	which	can	be	calculated	as:	
	
Kd	=	CAe/Ce	 	 	 	 	 (9)	
	
where	 CAe	 (mg/L)	 is	 the	 amount	 adsorbed	 on	 solid	 at	
equilibrium	 and	 Ce	 (mg/L)	 is	 the	 equilibrium	 concentration.	
ΔG°	can	be	calculated	using	the	relation	below:	
	
ΔGᴼ	=	‐RT	ln	Kd	 	 	 	 	 (10)	
	
The	values	of	ΔH°	and	ΔS°	are	 calculated	 from	the	slopes	and	
intercepts	 of	 the	 linear	 variation	 of	 ln	 Kd	 with	 reciprocal	









285	K	 294	K	 312	K 322	K
Amoxicillin	 ‐	19.70	 ‐0.85	 ‐2.85	 ‐2.20	 ‐1.37	 ‐0.53	
Ibuprofen ‐ 15.07 ‐0.66 ‐2.08	 ‐1.54	 ‐0.70 ‐0.40
Caffaeine	 ‐	9.97	 ‐0.44	 ‐1.42	 ‐0.86	 ‐0.51	 ‐0.13	
	
The	 negative	 values	 of	 ΔG°	 at	 various	 temperatures	
indicated	 that	 the	 adsorption	 process	 on	 soil	 is	 spontaneous	
and	 the	 negative	 values	 of	 ΔH°	 show	 that	 the	 adsorption	 is	
exothermic.	 Furthermore,	 the	 negative	 value	 of	 entropy	
indicates	 the	affinity	of	adsorbent	material	 for	drugs.	 Increase	





The	 adsorption	 characteristics	 of	 Pharmaceuticals	 in	 soils	
and	 ground	 water	 are	 of	 great	 importance	 environmentally,	
because	 such	 process	 is	 associated	 with	 the	 ecotoxicity,	









ibuprofen	 in	 the	 acidic	 medium	 at	 pH	 =	 1‐4,	 while	 caffeine	
showed	higher	adsorption	in	the	basic	medium.	
All	 the	 studied	 pharmaceuticals	 followed	 the	 Freundlich	
isotherm	 with	 n	 >	 1	 and	 caffeine	 showed	 about	 4.5	 which	
means	they	have	very	high	interaction	with	soil.	For	the	kinetic	
studies	 they	followed	the	pseudo‐second‐order	model	and	the	
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